Background: The optimal diagnostic strategy and timing of intervention in infected necrotizing
Introduction
Acute pancreatitis is the most common benign gastrointestinal condition requiring acute hospital admission 1 with annual costs exceeding $2 billion in the US. 2 Approximately 20% of patients develop necrotizing pancreatitis defined by necrosis of the pancreatic parenchyma or extrapancreatic fat tissue. 3 Infected necrotizing pancreatitis occurs in one third of these patients and is one of the most severe complications of acute pancreatitis. 3 It is associated with the need for invasive interventions in 90-95% of patients, prolonged hospital and intensive care stay, and a 15-30% mortality rate. 4, 5 Diagnosing infected (extra)pancreatic necrosis can be challenging. Several diagnostic strategies have been reported, including the presence of gas on contrast-enhanced computed tomography (CECT), microbiological culture from fine needle aspiration (FNA), and clinical suspicion based on clinical and biochemical signs of infection. Consensus regarding the optimal diagnostic strategy in these patients seems to be lacking, especially about diagnosing infected necrosis in the absence of gas on CECT. 6, 7 In daily practice, clinical parameters such as fever and increased serum inflammatory markers are frequently used to decide on invasive intervention for suspected infected necrosis. Current international guidelines on acute pancreatitis 6, 7 advise to postpone all forms of invasive intervention preferably until the stage of walled-off necrosis (WON) has been reached, which occurs typically about four weeks after disease onset. Antibiotics are often used at this stage and may even obviate the need for intervention in a small subset of patients with infected necrosis. 4 The majority of patients however will undergo invasive treatment, which according to the guidelines, should entail a step-up approach. 8 This approach consists of catheter drainage (percutaneous or endoscopic), followed, if necessary, by surgical or endoscopic necrosectomy. 4, 8, 9 The rationale to postpone intervention stems mainly from the era where primary open necrosectomy was the treatment of choice. Performing necrosectomy in WON probably lowers the risk of bleeding and perforation compared with an early necrosectomy. 4, [10] [11] [12] [13] Since the introduction of the step-up approach, timing of catheter drainage remains controversial. In daily practice and current literature, timing of the initial catheter drainage after disease onset varies greatly. 8, [14] [15] [16] The present study was designed to explore the current opinion of international expert pancreatologists regarding management of suspected or documented infected necrotizing pancreatitis in order to help design future prospective studies.
Methods
We developed an online survey to assess the opinion of a panel of 130 international expert pancreatologists regarding diagnosis and invasive treatment of infected necrotizing pancreatitis. The selection was based on recent participation in collaborative publications on invasive interventions in necrotizing pancreatitis cohorts, 17, 18 collaborative projects such as participation in an Individual Patient Data Meta-Analysis about necrosectomy in severe acute pancreatitis (unpublished data), the development of recent evidenced-based guidelines 6 and the Dutch Online Pancreatitis Expert Panel 19 (excluding members of the writing committee of the present study).
Of the 130 international expert pancreatologists, 118 e-mail addresses were obtained (72 surgeons, 37 gastroenterologists and 9 radiologists) from 79 different centers in 23 counties covering 6 continents. In December 2013, the participants were invited via an e-mail link to an online survey program (www.surveymonkey. com), followed by a total of four weekly reminders.
The survey consisted of 18 opinion-probing questions and 10 short clinical cases (Appendix I and II). The clinical cases (case vignettes) were all similar except for duration of disease, which varied from 7, 10, 14, 20 and 30 days after onset of acute pancreatitis symptoms, with patients having clinical signs of infection with or without gas in the necrotic collection on CECT.
Data were collected anonymously and analysed using IBM SPSS Statistics 22. Answers were described as counts and percentages for categorical variables. Continuous variables were summarized as either means with corresponding standard deviations (SD) or interquartile ranges (IQR) depending on normality distribution. Additionally, we compared the group of respondents who preferred a surgical step-up approach with the group preferring an endoscopic step-up approach using a chisquared test. A McNemar's test was used to compare the results of the different case vignettes reciprocally (e.g. with versus without presence of gas on imaging and disease duration 7 vs. 10 days; 10 vs. 14 days; 14 vs. 20 days and 20 vs. 30 days). A p-value below 0.05 was considered statistically significant for all statistical tests.
Results

Characteristics of respondents
The response rate was 74% (87/118); 60% (N = 52) of the respondents were surgeons, 32% (N = 28) gastroenterologists, and 8% (N = 7) radiologists ( Fig. 1 ). Fifty-six percent (N = 49) of the respondents were from Europe, 28% (N = 24) from NorthAmerica, and 16% (N = 14) from other continents. The majority of respondents (85%, N = 74) worked in academic centers. Respondents had a median of 20 (IQR 10-26) years of experience in treating patients with necrotizing pancreatitis. Most respondents (87%, N = 76) preferred using a step-up approach, consisting of primary catheter drainage, followed, if necessary, by necrosectomy.
Diagnosing infected necrosis: use of FNA None of the respondents routinely use FNA for diagnosing infected necrosis and 15% (N = 13) never use FNA (Table 1a) . There is no difference seen in FNA strategies comparing the group of respondents who preferred a surgical step-up approach with the endoscopic step-up approach group (p = .192) ( Table 2) .
Timing of invasive interventions
Evidence for performing percutaneous catheter drainage as first intervention step is considered moderate or strong according to 40% (N = 35) and 36% (N = 31), respectively. For postponing catheter drainage until walled-off necrosis the evidence is rated moderate or strong by 34% (N = 30) and 14% (N = 12) of respondents, respectively (Table 1b) . In patients with confirmed infected necrosis, 55% (N = 48) of respondents postpone an intervention and await the effect of antibiotics, whereas 45% (N = 39) immediately perform an intervention. Twelve percent (N = 11) always await the stage of WON, 44% (N = 38) sometimes perform a percutaneous catheter drainage (PCD) before WON is reached, and the remaining 44% (N = 38) perform PCD whenever there is a drainable fluid collection on imaging, thus not necessarily in WON. Furthermore, 72% (N = 63) proclaim that a PCD can be performed any time during the disease, whereas others regard a specific time period during which PCD should not be performed with a median of 13 (IQR 7-15) days after onset of disease. Furthermore 67% (N = 58) agree that PCD upsizing (for instance from 14 to 22 Fr) is a potentially useful strategy in patients with infected necrosis who do not improve after initial PCD placement. Completely walled-off collections are a prerequisite for surgical necrosectomy, endoscopic transluminal drainage, and endoscopic transluminal necrosectomy, according to two thirds of the respondents (Table 1c) .
Seventy-eight percent (N = 46) of the surgical step-up approach users and 61% (N = 17) of the endoscopic step-up approach users do not report a specific time window during which PCD should not be performed (p = .093) ( Table 2 ). Some 58% (N = 34) of respondents favouring the surgical step-up approach perform a PCD before WON has developed compared with 14% (N = 4) of those favouring the endoscopic step-up approach (p < .001). PCD upsizing was considered potentially useful according to the surgical and endoscopic stepup users in 75% (N = 44) and 50% (N = 14), respectively (p = .023).
Case vignettes
At day 7 after onset of disease, 35% (N = 30) of respondents proceed to intervention when both gas in necrotic collections on CECT and clinical signs are present, versus 2% (N = 2) in case of clinical signs of infected necrosis alone. At 10, 14, 20, and 30 days after disease onset, either with gas on CECT versus without gas and clinical signs alone, 60% vs. 18% (10 days), 58% vs. 25% (14 days), 77% vs. 59% (20 days), and 89% vs. 72% (30 days) of respondents, respectively, proceed to intervention (Fig. 2) .
The presence of gas in necrotic collections on CECT leads to earlier interventions for all five time periods (p < .001) compared to clinical signs of infection alone. Significantly more respondents proceed to an invasive intervention in case of clinical signs of infection at day 10 compared with day 7 (p < .001), day 20 with day 14 (p < .001), and day 30 with day 20 (p = .002), regardless of the presence of gas on imaging. In contrast, no difference was seen in the decision to proceed to intervention comparing the cases at day 14 compared with day 10, either with gas (p = .180) or without gas and clinical signs alone (p = .774) on CECT. No significant differences were found comparing surgical and endoscopic approach users in proceeding to intervention for all ten case vignettes.
Discussion
This survey identified areas of (lack of) consensus amongst international expert pancreatologists regarding the optimal diagnostic strategy and timing of intervention in patients with infected necrotizing pancreatitis. Although the 'step-up approach' is now established as the routine management strategy in these patients, there is a clear lack of consensus on the use of FNA to diagnose infected necrotizing pancreatitis. Although most respondents agreed that early PCD in the first 2-3 weeks would be technically feasible, there is a clear lack of consensus on whether this would be clinically useful.
Diagnosing infected necrosis is important, since it typically requires invasive intervention. Gas in a necrotic collection demonstrated on imaging investigations is considered proof of infection and occurs in around 40% of patients with infected necrosis. 20 The case vignettes in this study showed that the presence of gas in necrotic collections inclined respondents to intervene earlier than when only clinical signs of infection were present. Earlier guidelines advised to use FNA in all patients with (extra)pancreatic necrosis on imaging who deteriorate after a week. 3 In the current era of postponed interventions, even in case of documented infection, FNA-culture results will not lead to earlier intervention. Moreover, there is an alleged 12-25% risk of false negative FNA-culture results. 21, 22 According to more recent guidelines, 6, 7 FNA should be used selectively, which is in line with the response of the majority of pancreatologists in this study. Consensus regarding the timing of intervention is lacking as shown by an almost equal division between respondents awaiting the full effect of antibiotics or those immediately proceeding to intervention in infected necrosis. This discrepancy in timing of intervention was most apparent in the early case vignettes, before the stage of walled-off necrosis (day [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . This implies that some pancreatologists feel that a non-invasive approach with antibiotics alone is an effective treatment for infected necrosis. According to the current literature antibiotic treatment alone will only be successful in a small subset of patients with infected necrosis. 4, 23 Pancreatologists who prefer to intervene only once WON is present can have technical or safety motives and therefore postpone intervention. Other pancreatologists are inclined to intervene immediately in suspected or proven infected necrosis, either because they believe that an invasive intervention is inevitable or to prevent patients from further clinical deterioration. Alternatively, the lack of consensus on timing of invasive intervention could be caused by interobserver differences in assessing degree of encapsulation and liquefaction in the case vignettes. Despite the well accepted revised Atlanta criteria to describe (peri)pancreatic collections, poor interobserver agreement on encapsulation of collections remains. 24 Therefore, validated morphologic terms should be used preferably, 25 but are impossible to apply in one CECT image. With respect to the different interventional approaches, twothirds of respondents stated that WON is a prerequisite for surgical necrosectomy, endoscopic transluminal drainage, and endoscopic transluminal necrosectomy. However, according to the majority of respondents WON is not a prerequisite for PCD. Accordingly, respondents using the surgical step-up approach tend to be less reluctant in proceeding to catheter drainage in infected necrosis than the respondents using the endoscopic step-up approach. Little evidence exists on the optimal timing of catheter drainage as the first step of the step-up approach. Additionally, the updated evidence-based guidelines 6, 7 consider this scant evidence to be of low quality (grade 1C). The recommendation to postpone intervention until WON has occurred is based on studies pertaining to the timing of necrosectomy (second step of the step-up approach), showing lower mortality and complication rates for postponed necrosectomy. 4, [10] [11] [12] [13] With a high response rate of 74% of pancreatologists experienced in treating and researching this relatively rare group of patients, we believe our results reliably reflect current clinical practice amongst expert pancreatologists. The majority of respondents were from Europe and North-America, mostly affiliated to academic or tertiary referral centers. Consensus on the topics under study in other continents and non-expert centers remains unclear. However, this is not necessarily a limitation since this is an expert opinion study on a complex problem likely best cared for in such centers. The study would be strengthened by greater variety of location which might capture more variation in approach that would help understand true expert opinion. Second, although infected necrotizing pancreatitis is a heterogeneous disease, for study purposes case descriptions needed to be concise and highlight those clinical items that are currently considered most relevant to the question at hand. For the same reasons, imaging illustration was limited to one CECT image per case. How this limitation affected our results is speculative.
In conclusion, this study showed that the step-up approach is now the preferred treatment strategy in patients with infected necrotizing pancreatitis. Consensus is lacking regarding the use of FNA and the timing of catheter drainage in patients with (suspected) infected necrotizing pancreatitis. Future (preferably randomized) studies should address these issues and especially determine whether routine use of early FNA and early catheter drainage compared to postponed catheter drainage could improve outcomes in patients with infected necrotizing pancreatitis.
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